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0 Wavelengtii dlvlsJcm multiplex brdirection^ opticid communlci^on system. 

@ Bo^ay optical ccNmmunication ts canried 

out through waveler^th drvlsjon muldpiex sys- 
tem between two tennlna! stations (11a, 12a)» 

each having a two-beam interference type filter 

(15) coupled with an- or^caf cable (10) for mi^ti- 

plexing and/cw de-mirfttp^exing transmit fight 

and receive light The filter (15) has pass bands 

and attenuation bands peilodicaHy for 

wavelength in the conwrftinksatkNi wavetength 

band. Wavelength of transmit light is essenflstfly 

8ie same as wavelength of receive light in each 

tem^nal station, with small offeet of two 
waveimgtis less than 5 nm. OsdNation 
wavelength <^ the laser (21) for transmissk>n is 
adjusted so that It coincides with pass band of 
tiie filter, vtHiich doubles as reference 
wavelength of o^atkm wavel^gth of the 
laser. Preferabiy, saki two-t)eam interference 
type filter (15) Is a Mach Zehndw type asynrwnet- 
rtcal mterferometer having a paar of dlrectloni^ 
couplers {(F1, F2) (xmnected to each other 
tiirough a pair of opHcai fibers (f1, 12) so that the 
pedod cf pass bar^ and/or attenuation bands 
of the mer (15) Is adjuste^e. 



CM 
O 

C0 



Ul 




^1 SC7=W 



t* — r 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



1 



EP0 607 029 A2 



2 



The present invention reiates to a bothway wave- 
length division muKtplex opttcal comrmjnication sys- 
tem, in particular, refates to such a system in which 
wavelengths of lights in two directions belong to stn* 
gle wavelength band, although those wavelengths 
differ or offset frOTi each other a little in said band, 
and said wavelengths are finely controfied bas^ 
upon a single wavelength standard through self tun- 
ing operation. The present inventbn is for instance 
used fcs- subscriber linAs in which large number of 
-abies are necessary used and therefore the use of 
a single optical cable for bothway communication is 
essential. 

Conventionally, a time compression multiplex 
(TCM) opticfiJ communication system has been used 
for bothway communkratlon system using a single 
optical line. In that system* upward direction signal 
and dovmward dir^ion signal are forwarded to an 
optical cable alternately, so, that system has been 
used fcH- low rate oc»nmunlcatk)n up to 28 
Mbits/second. 

When high rate txjmmunication is requested in a 
system wfth a single optk^ c^e, for Instants, it is 
nigher than SO Mbits/second, a wavelength division 
^nMtl^ex (WDM) optical communfeatlon system has 
been used- 'Hiat system uses two wavelength bands, 
for instance 1,3 \im band and 1.5 ^tm band for upward 
direction and dcwnwaid direction, respectively. 

Fig.lA shows a block diagram of a prior bothway 
wavelength division multiplex (WDM) optical connmu" 
nication system. In the figure, the numeral 70 is a sin- 
gle CH^tlcal fiber cable cxiupling a pair of terminal sta- 
tfcwis 71 and 72, each having an optical transmitter 73 
which outputs light signal through a laser, an optical 
receiver 74 which receives optical signal from an op- 
posite side» and a muitlplexer/demultplexer 75 having 
an outFHit pert coupled with the single optical fitter 
cable 70 and a pafer of InjHit porta coupled with the 
trOTsmitter 73 and the receiver 74 so that the light 
fr<»n the transmitter 73 is forwarded to the optical 
cable 70 and the light from the line 70 is forwarded to 
the receiver 74, The wavelength of output of the trans- 
mitter 73 differs from that in anoth^ slde» for in- 
stance, wavelength in one direction is 1.3 iim band, 
and wavelength m the other direction is 1.6 i^m band. 
Those lights of 1.3 ^ band and 1 .5 ^lm band are mtd- 
lipiexed in the optical cable 70. 

However, the system of Flg.1 A has ttie disadvan- 
tage that a laser in a transmitter 73 must provide os- 
cillation wavelength which coincides with center of 
pass band of a muKii^exer/demuitiplexer. H<wever, it 
should be noted that oscillation wavelength of a laser 
depends upon ambient temperature, bias current 
and/or prodiwlng errw. and therefcwre. It is rather dif- 
ficult to obtain a las^ vwUi requested accurate oscil- 
tation wavelength- Further, the difference between 
wavelengths in two directions must be large enough 
for suppressing cross talk between two wavelengths. 



and therefore, two kinds of lasers through different 
producing processes must be used for la^e oscilla- 
tion wavelength difference, for instance, 1.3 jim and 
1,5 \im. nierefore, producing yield rate of a laser b 

5 rather low. and so, the cost of the coimiunicat ion sys- 
tem of FigJ A Is rather high. 

F^,1B shows another bothway wavelength divi- 
sion multiplex optical communicatk>n system, which 
uses the conrwnon single wavelength band in both di- 

10 rections. The system of Fig. 1B has not existed in a 
market, but we considered It in our research. In the 
figure, the numeral 80 is an optk:ai catHe having a pair 
of ends each coupled with terminal statk>ns 81 and 
82. Each of the terminal statk>ns has an optical trans- 

fs mitter 83, an optical receiver 84 fc^ receiving light 
1r<m\ the oth^ skie, and a directional coupler 85 cou- 
pled with an end of the optical cable 80t an output of 
the optical transmitter 83, and an Input of the optk^al 
fBceh^er 84. so that the light from the transmitter 83 

20 is applied to the optical cable 80, and the Ifeht from 
the optica cable 80 Is applied to the optical receiver 
84. 

However, the system In Fig.1 B has the disadvan- 
tage that the receiver 84 receives not only the light 

25 from the optical cable 80 but also the light from the 
transmitter 83 in the same terminal statk)n through 
the leakage in the directional coupler 85, and there- 
fom. the signal characteristics are deteriorated, al- 
^ though the lasers in the transmitters tn each stations 

30 . oscillate with the same waveler^h as each other. 

In accordance with the present inventk?n» a wa- 
velength dtviston multiplex t>othway optical communis 
cation system comprises a first terminal station, and 
^a second termin«d station coupled with said first ter- 

35 minal statton through an optical communication path- 
way, wherein each terminal station comprises a 
^ transmitter having a laser for converting a transmis- 
sion electrical signal to an optical signal, an optical re- 
ceiver for receiving an optical signal which is to be 

40 subsequently converted to an electrical signal, and a 
two-beam Interference type first filter having a zero 
phase input port and a pi phase input port coupled 
with an output of the laser and an input of said optical 
receiver respectively, and a zero phase cKJtput port 

45 and a pt phase out^Mit port with one ou^ut port being 
coupled with the optical communication pathway and 
the other port being free standing, the optical commu- 
nicatton pathway being coupled with the z^o phase 
output port of one terminal station and the pi phase 
output port of the other terminal station, wherehi the 
filter has a pariodk: characteristic of pass band and 
attentjation band fer wavelengths in a c<»ifimunkiatk)n 
wavelength band, wherein each t^minal station has 
wavelength cK>ntrol means for controlling oscillation 

55 wavelength of said laser so that said oscillation wa- 
v^ength coincides with the centre of the pass band 
of said filter, wheiein the wavelength control means 
comprises monitor means for monitoring the output 
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wavelength of the laser, a comparator for comparing 
the strength of the monitored output with a predeter- 
mined threshold lev^ and to provide a corresponding 
output, and control means for adjusting the osctlla- 
ilon wav^ength of the laser based upon the output of s 
the comparator so that the oscillation wavelength 
substantfafly coincides with the pass band of the fil- 
ler, and v^erein the wavelength band of the laser In 
the first terminal statlcHi is essentially the same as 
the wavelength band of the laser in the second termi- io 
station and Is in communication wavelength band. 
The present invention overcomes the disadvan- 
tages and llmrtations of the prtor bothway wavelei^lh 
dh/ision multif^ex optical ownmunication system by 
providing a new and Improved bothway wavelength is 
multiplex optical communication system. 

The present invention provides a bothway wave- 
length division rmiltlF^ex cH)iicai communication sys- 
tem which uses essentially a common wav^ength 
band in both directions. 

The present invention also enables a filter for 
separating receiving wavelength from transmitting 
wa>^length to double as a wav^ength standard for a 
laser In a transmitter. 

In one example of a bothway wavelength division 
multiplex communication system Is provided in which 
two terminal stations have a master*slaw relation- 
ship, and the filter for directional coupling Ni the mas- 
ter station provides wavelength standard for a laser in 
a transmitter in the master station, a filter for direc- 
tional coupling In the slave station, and a laser for a 
transmitter In the slave station. 

Borne examples of communication systems ac- 
cording to the Invention together with some prior con- 
figurations are illustrated In the accompanying draw- 
ings, in which:- 

Rg.1A shows a prior botl^ay optical conrmiuni- 
cati<»i system using two wavelengths; 
Fig. 1b shows another prior bothway optical com- 
munication system using single wavelength; 40 
Flg.2 shovi^ explanatory figures of a two- beam 
interference type filter; 

Flg.3 Is a block diagram of an embodiment of a 
bothway wavelength division multiplex optical 
communication system according to the present 45 
Invention: 

Ffg,4A is a block diagram of another embodiment 
of the bothway wavelength division multiplex opt-- 
leaf communication system according to the pres- 
ent Imef^k^n, so 
Fig.4& is a bUxk dteigram of still another embodf- 
ment of the bothway wavelength division multi- 
plex optical communication system according to 
the present invention, 

FiQ.4C Is a block diagram cf st 1 g another emtKKll- ss 
ment of the bothway wavelength dh^lon muiti- 
pfex optical conrmiuntcatlon system according to 
the present invention* 
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Fig. 5 is a feHodc diagram of stNl another emt>odl- 
ment of the bothway wavelength division multi- 
plex optical comnurnication systmi according to 
the present Invent k>n, 

F^.6 Is a bfodt diagram of still another embodi- 
ment of the bothway wavelength division nrttritH 
plex optical communication syst^ accc^dfng to 
the present rnventk»i, 

Fig.7 shows experimental curves showing r^a- 
tfons between period of pass bands or attenua- 
tion bands of the two beam interference type fil- 
ter, and period' of oscillation wavelengths of the 
laser according to the present thventk>n. 
Some of the important features of the present in- 
vention are that the use of a two-beam Interference 
type filter as a nr^ttlplexer/de-nrHiltiplexer )n wave- 
length division multiplex conrm>unlcatton system* and 
that said two- beam interf^ence type filter doubles as 
wavelength standard for determining osdMalloh wa- 
velength of a laser In a transmitter. 

First, a two-beam Interference type filter Is de- 
scribe In accordance unth Fi|g.2. 

Flg.2A shows structure of a two-beam interfer- 
ence type directional coupler, having a pair of optk^al 
fibers CI and 02 whk:h are optically coupled with 
each oth^ m the regton F In a predetermined length 
so that the optical fibers C1 and C2 have ccmimon 
clad layer In that region F. The coupler has a pair of 
input ports C1-1 and C2-1 , and a pair of output ports 
C1-2 and C2-'2. As the directional coupler Is reversi- 
ble, the Input ports and the out^mt ports may be re- 
versed. Each of Input ports and each of output ports 
are called a zero phase port and a pi phase port 

In operation of saki directional coupler, when in- 
put light Is applied to one of the input ports, the input 
light Is divided to two ou^^ut ports so that each output 
port outputs optical power having the level of -38 as 
compared with the input c^k;al power. So, the direc- 
tional coupler of Fig.2A is called a 3 dS coupler. 

When the coupllr^ fegk>n F is designed i^perly, 
the ratio of the output optical power to each output 
ports depends upon wavelength of input l^t So. it 
functkins as a wavelength filter. 

When it operates as a waveler^ filter^ asstjMiv 
ing that input light is applbd to the zero phase port 
C1-1 , It is switched to the ou^ut port or the out- 
put port C2-2, depending upon wavelength of the in- 
put fight Similar^, Input tight to the pi phase port C2- 
1 is switched to the output port C1-2 and the output 
port 02-^2, depending upcm wavelength of the input 
fight. 

The transml^ion factor, and/or the attenuation 
factor of the filter has periodic ch^cten'stics as 
shown fn F^,2B, where horl;»mtal axis shows wave- 
length of Input light, and vertical axis shovi^ strength 
of output l^ht when input light is mpplimd to the zero 
phase input port C1-1 . The soiki curve (a) shows the 
output at the zero ph&^ ou^^ut port C1-2, and the 
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dotted curve (b) shows the output at the pt phase out- 
put port 

Threshold level Li and/or L2 ts defined for self tun- 
ing purposes of a laser as described later. The higher 
threshold level Li is the same as the peak output of 6 
the f itter, or a little iower than the peak output. The 
iower thres hold level L2 is alm^t zero or a little higher 
than zero« 

in practfcal use^ a pair of directional couplers F1 
and F2 of Flg,2A are codpled through a pair of optical 10 
f ibers f1 and f2 as shown in Fig.2C. The symbol F1 
or F2 shows a directional coupler in Fig,2A. The zero 
phase port df the first directional coupler Fi Is coy- 
i)l0d with the zero phase port of the second direction- 
al coupler F2 through the optica fiber f1» and the pt is 
phase p<xt of the first directional coupler FI is cou- 
pled with the pi phase port of the second directional 
coupler F2 through tiie optica fiber f2. The optical 
length of the fibers or the optical wave^guides f 1 and 
f2 differs by AL. We call the structure of Fig*2C an 20 
asymmetricai Mach Zehnder type filter, or an asym- 
metrical Mach Zehnder type interferometen 

The advantage of the stFucttro c0 Fig^C is that 
tha period (=2xFSR; Free Spectrum range) between 
the^ wavelength for the peak of the- pass band and the 25 
paaic of the attenuation band may be adjusted by ad- 
justing the difference AL ofthfr^ngth of the fibers f 1 
ar^ f2. 

The frequency band Af^f rom the frequency for 
lh# peak output to the frequency far the minimum out- 30 
put of the filter in Fig.2C is shown below. 

Af « c/(2 X n«rf X AL) 
z^here c is light velocity, n«ff IsreffBcth^e refractive in- 
dex of a waveguide or a f iben^nd^Ab is dlf femnce of 
langth of optical fibers f1 and f2 coupling directional 3S 
coupl^-a FI and F2, A Mach Zehnder type filter hav- 
ing AF up to 640 GHz Is posstt^e to produce. 

Fig.2D shows the modification of an asymmetri- 
cal Mach Zehnder typefflter, which has a heater H on 
one of the intermediate optk^f tbers f 1 and f2. The 40 
rm^ter H is heated by the power source R The struc- 
ture of Fig.2D has the advantage that the pertod (FSR 
or AF) or the tuning wavelength is contiofied finely by 
oontrolllng temperature of the heater H. The value 
FSR Is increased around 0.6-1 .0 nm for each temper- 4$ 
ature when temperature is Increased, That is descrf- 
bed in The Institute of Electronics, Informatksn and 
Communication Engineer In Japan, Trans, Commun,, 

E76^B. N0.9. September 1992. pages 871-879. 

A Mach Zehnder type filter may be produced on so 
a quartz waveguide. When the p«rkKi FSR is the wid- 
er, the s£ze of the filter is the smaller, the producing 
error is the smaller, and the transmission character- 
isttes of me filter may be uniform. 

A port of the filter may have a spherical tapi^ed m 
end so that it is well coupled with an optical fiber opt- 
ically. 

The two-beam interference type drectronal cou- 



pler or a filter of Figs.2A through 2D is described in 
Journal lightwave tec^nokigy, vol 6. No,6, June 
1988, pages 1 003-101 0< 

Fig,3 shows a bloc* diagram of an embodiment 
of a wavelength divisbn multiplex bothway optical 
conmunlcation system according to the present in- 
ventkin. In the figure, a pair of t^minat stations 11a 
and 12a are coupled through an optical cable 10. 
Each of the terminal stations 1 1 a and 1 2a has an opt- 
ical transmitter 1 3a, an optical receiver 14, and a filter 
15 whk;h operates to multiplex/de-multlpiex transmit 
light and receive light. 

The filt^ 15 Is a two-beanw interference type fil- 
ter of Fig.2A, or an asynrwnetrical Mach Zehnder type 
interferometer as shewn In F^.2C and Fig.2D. in case 
of Fig-2C or Fig,2D. fhe p«iod <rf pass bands of the 
filter is adjustaWe. 

The filter 15 has the transmlsston characteristics 
as shown in Fig.2B, where solid line shows transmis- 
- sk)n characteristics when input light is applied to zero 
phase input port, and output light is at zero phase out- 
put port Dotted line shows transmission characteris- 
tics when input light is applied to pi phase port, and 
<Hjtput light is at z^o phase output port The dotted 
line is the same as the tranj»nission characteristics at 
pi phase output port when input light is applied to zaio 
phase input port 

The filter 15 is reversible. So, input ports and out- 
put ports may be reversed. But, we refer to input 
ports and output ports for the sake of simplicity of ex- 
planation. 

It is assumed that input ports have zero phase 
port Ao arKli pi phase port A^, and output pc^-ts have 
zero phase p<^t Bo and pi phase port B^. 

The optical cable 10 Is cCHjpled with the outputs 
of the filters 15 so that the transmission characteris- 
tics of the output port of the first terminal station dif- 
f^s from tiiat of the second tm^minal station. In the 
embodiment, the cable 10 is coupled with the port Bo 
(zero phase) in the station 11a, and the port 8^ (pi 
phase) in the statk^n 12a. 

The optical receiver 14 is coupled with the filter 
1 5 in the port v^^ich has the same transmission char- 
acteristics as that of the output port in the opposite 
station. In the embodiment, the optical receiver 14 in 
the station 11a is oDupled with the Input port Ai (pi 
phase), (the ou^ut port of the opposite station 12a is 
Bi (pi phase)* and the optical receiver 14 in tiie station 
12a is coupled with the input port Aq (zero phase), 
where the output port of the opposite station 11 a is Bo 
(zero phase). 

The optical transmitter 1 3a Is coupled with the fil- 
ter 1 5 in the input port having the same transmission 
characteristfes as the output port which is coupled 
with the optical cable 10, In the embodiment the opt- 
ical transmitter 13a in Uie ^tion 11a Is couf^ed with 
the input port A© (zero phase), where the optical cable 
1 0 is coupled with the output port Bo {zero phase), and 
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the optical transmitter 13a in the station 12a is cou- 
pled with the fnput port At {pf phase) where the optical 
cable 10 is coupled with the output port B, {pi phase). 

The light fronrt the transmitter 13a In the station 
11a is forwarded, through the pert Aq (zero phase) of 
the filter 16 in the station 11a, the output port So of 
the filter* the optteal cable 10. the output port {pi 
phase) of the filter 15 fnihe station 1 2a, and the Infnit 
port Ao (z^ phase) of the filter 16 in the statN:>n 12a, 
to the oii^cai reefer 14 in the station 12a. Similarly, 
tha light from the transmitter 13a in the station 12a is 
forwarded, through the port A^ (pi phase) of the filter 
15 of the station 12a, the port Bi phase) of the filter 
15 In the station 12a, the optical cable 10» the port Bq 
of the filter 15 in the station 11a, and the port A^ in the 
fi Iter in the statics 11 a, to the optical receiver 14 In the 
station 11a. 

Therefore. It should be noted ^atthe ports of the 
filler are used in opposite m^ner (opposite phase) In 
the corresponding means in teach stations. 

It should be appreciated that* wavelength band 
from the first station 11a is in the same wavelength 
band as that frcm the second station 12a. It is for In- 
stance 1 .3 urn band, or 1 ,5 band. The wavelength 
from the first station 11a differs a little from the wa- 
velength from the second ste^ion 12a in the same wa- 
veiangth band. The dlfferenoei>ir'of^t between two 
wavelengths is for instance less than 5 nm. TTius, two 
wavelengths are multiplexed 1n an optical cable 10, 
bothway communication is carried out by using 
a single optical cable. 

Next, the seJf tuning of a laser so that osdllation 
wavelength of a laser 21 coincides with center of pass 
band of a f ifter 15 is described. In the embodiment^ a 
second filter 22 for self tuning purposes is provided 
in each stations 11a and 12a for defining refemnce 
wavelength. The second filter 22 is^so a two-beam 
Interference type filter, w asynwnetncat Mach Zehn- 
d&r type interferometer, having the same pass band 
characterist ics as that of the first filter 1 5. The second 
f 111^ 22 has input ports Ao (zero phase) and At (pi 
phase), and tnitput ports Bo (zero phase) and Bi (pi 
phase). 

A semiconductcw" iaser provides front light and 
back light in opposite direction. Front light is used for 
transn^ttlng signal to another siatkm. and back light 
is used for seff tuning of wavefength of the laser. 

Back light of the iaser 21 is applied to one of the 
input ports of the tunmg filter 22, which provides out- 
put light to an optical-electrfcai converter or sensor 23 
through an output port havfaig the same transmission 
characteristics as that of the output port of the filter 
1 5. In the embodi ment of Fig.3, back light of the laser 
21 in the station 11a is ap|:^led to the port Ao (zero 
phase) of the f ilt^ 22, and the iM^t of the port 8^ 
{zero phase) is applfed to the convei'ter 23. Similarly, 
bBOk light in the station 12a Is applied to the port A^ 
(pi phase) of the filter 22, and the output of the port 
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(pi phase) is applied to the converter 23. 
The ou^ut of the converter 23 is applied to the 
comparator 24, which compares the outfMJtof the con- 
verter 23 with a predetermined threshold level 
(Fig.2B). which is close to the maximum level of the 
transmission power but a little lower than the same. 
The comparator 24 provides posith^e output only 
when the ou^xit <rf the converter 23 exceeds the 
threshold level. The peak control 25 receives the out- 
put of the comparator 24, and controls the oscil!8tk>n 
wavelength of the iaser 21 so that output of the refer- 
ence filter 22 Is die maximum. The manner for adjust- 
ing osciliatton wavelength of a laser is conventtonai. 
and ft is possible by adjusting temperature of a laser, 
and/or bias current of a iaser. 

Two terminal stations 11a and 12a have the 
above dosed feed back kK>p for controfl ing osci list ion 
wavelength. The station 11a receives back light of the 
laser 21 at the zero phase input port Ao of the f iiter 22 
which out^njts the light at the zero phase output port 
Bo and the ^ak control 25 controlte so that the osdl- 
iatk»n wavelength of the laser 21 coincides with pass 
band of the filter 22. so that the output of the filter 22 
is the maximum. Thus, the oscillation wavelength of 
the laser 21 is controlled so that ft coincides with the 
waveien^ which provkles the peek or the maximum 
transmission of the filter 22 for zero phase. 

Similarly, the osciilation wavelength of the laser 
21 in the station 12a is controlled so that it coincides 
with the wavelength which piovides the peak or the 
maximum transmisston <rf the filter 22 ftu* pi phase. 

Therefore, the wavelength band of two stations is 
In the same wavelength band» and the wavelength of 
a first statk>n is offset or shifted by the pi ii^ase from 
that of a second station. 

The ocwnbfnation of the reference filter 22. tlie 
sensor 23, the comparator 24, and the control 26 con- 
stitute a monitor means f<^ monitoring and controtling 
osd nation wavelength of the laser 21, 

The two-beam Interference type filter 15 has the 
features that the insertion loss is smafl» and the leak- 
age of transmit fight to an optical receiver is small. 

The filter 16 has the periodical diaracterlstics as 
shown in Fig.2B. Thar^ore, It is only necessary to co- 
\mkie oscillation wavelength of a laser wi^ one of the 
transml^ion wavelengths of the filter. 

Further, it is easy and simile in the present inven- 
tion to coincide transmisston wavelength of a filter In 
a recent skle with that of a transnm side. 

further, the requested value of adjustment of os- 
cillation wavelength of a iaser Is small, and the use 
of a pair of lasers having oscillation wavelmgth in the 
same band is possit>le In both the end terminafs. It 
shoij^d be nc^ed that a laser in a pdor ^t of Fig.lA 
must be adjusted in wide range so that oscillation wa- 
vdength c^inckies with pass band a filter, and fur* 
then lasers of different c^illatkkn wavdengths are 
requested in two terminsA slattons* 
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In one inodif rcatroft* a peak control 26 may oper- 
ate so that ou^utof an optical-electrical converter 23 
bacomes the maximum so that transmission optical 
po^r Into the cable 10 Is the maximtjm, although the 
embodiment of Fig.3 has the comparator 24 to conrv s 
pare the output of the converter 23 with the f^Btteter- 
mined threshold* 

in another nnodlfication, a two-beams interfere 
en<^ type fitter may be substituted with another filter 
which has periodical and complementary character^ io 
lies shown In Flg.2B. for instance, a ring resonator^ 
and a Fabry-Perot Etaion filter, although the fcw^mer 
has too high Q, whk:h woyd cause tt^ operation un- 
stable, and are difficult to have long period, and the 
latter is difficult to adjust an optical coupling axis. 15 
which can not unify the periodical ch^^eristlcs be- 
tween each filters. 

F!gs.4A, 4B and 4C show modifications of the 
embodiment of Ftg,3 of the present invention. The 
features of those modifications reside In the struc- 20 
ture for controlling oscillation wavelength of a laser to 
coincide with pass band of a filter IS. In those modi- 
fications, only one end terminal is shown for the s^ke 
of simplicity. 

In Fig.4A, the terminal station 11 b has an optical 2S 
transmitter 13b, an optical receiver 14, and a filter 15 
which is optically coupled with an optical cable 10. 
The optical transmitter 13b has a laser 21 for Mdt- 
iating transmission light, a reference wavelength fil- 
ter 22r an optical-electrical converter 23, a compara- 30 
tor 24, land a bottom control 26. The featum of Fig.4A 
as compared with the embodiment of Fig,3 that the 
reference wavelength filter 22 receh/es bade light of 
the laser 21 on the pi phase port when front light 
of the laser is applied to the zero phase port Ao of the 35 
filter 15. That is to say, back ifeiht <rf the laser is re- 
ceived by the reference wavelength filter 22 on the 
port which is In different phase from that of the receh^- 
ing port of the filter 16. 

The comparator 24 in th is case compares the out- 40 
put of the converter 23 with the threshold which is 
close to t>ottom value L2 In output of the filter {see 
Flg.2B), The bottom control 26 controls the oscilla- 
tion wawlength of the laser 21 so that the output of 
the refeience filter 22 Is less than the threshold U. 4$ 
Thus, the oscillation wavelength of the laser 21 coin- 
ckles with the pass band of the filter 22, 

Flg.48 shows a block diagram of another modifi- 
cation of «ie ^bo<Sment of Fig,3, The feature of 
Fig.4B that the terminal statical He has no reference so 
wavelength filter^ but an asymmetrical branch ratio 
type directional omjpler 31 is provided between an 
ou^ut of a filter 16 and an optical cable 10, so that a 
small part erf transmlsskm optical pow^ m branched 
to be applied to an optlcal-electrlcal converter or a 65 
sensor 23. A control 25 in this case is a peak contnDl 
which controls a las^ so that output power of the sen-* 
sor 23 fe higher than a predetermined threshold 

6 



The fitter 15 operates not only for multiplexing and/or 
de-mult Pf^exing transmit light and TTCeive I^W, but 
doubles as a wavelength reference fitter. 

It should be noted that the fitter 1 5 and the direc- 
tional coupler 31 are integrated on the conrmon sub- 
strate B. by using a quartz wavegukie. 

Fig.4C shows a block diagram of still another 
modification of the embodiment of Fig.3, The feature 
of Fig.4C ie that the termini station lid has no refer- 
ence wavelength f ilter» but the optk:ai-eledlncal a)n- 
verter 23 receives the light from the free standing out- 
put port Bt of the fitter 15 for the purpose of control- 
ling the oscillation wavelength of the laser 21. The 
contr^ 26 in this case is a t)ott<m oontrol which con- 
trols the output of the sen»»r 23 to be tt^ botttxn 
or the minimum. 

Fig.5 shows a block diagram of wavelength divi- 
skin muitipiex bothway optk;al communication sys- 
tem according to the present invention* The embodi- 
ment of Fig.6 is the comblnatim of the present yvave- 
iength division multiplex system of Figs*3 through 4C, 
and the prior art Fig.lB, and may communicate by 
u^ng four wavelengths. 

In Fig,6, the terminal stations lie. 11f, 12e and 
12f are 3 terminal station of Fig.3, Flg.4A. Fig.4B or 
Fig.4C. The terminal stations lie in one terminal and 
the terminal station 12e in the other t^minal operate 
for Instance In 1.3 ^n;i band, and the terminal stations 
1 1f and 1 2f operate for Instance in 1 .5 p.m. The wave- 
lengths of 1,3 lun band and 1.5 jim band are multi- 
plexed or de-multiplexed in the multlplexer/demulth 
plexer 76. Therefore, four wavelengths {two wave- 
lengths in 1.3 \im band, and two wavelengths In 1.5 
urn band) are multiplexed in the optical cable 10. 

Fig.6 shows a block diagram of the optksal com- 
munication system, according to the present inven- 
tion, which f unctk>ns to coincide the wavelength of a 
las^ and a filter in both the end stations. In F^.6, one 
of the end stations opiates as a master station, and 
the other end station operates as a slave station 
whk^h follows the master statkjn in wavelength of a 
laser and a filter, in Fi^.6, the station (a) operates as 
a master station, and the station (b) operates as a 
slave station. 

The master station (a) in Fig,6 has the structure 
of Flg.4C. However, it shot^d be appreciated of 
course that another structure, for instance, Flg-3t 
Fig.4A, or Fig.4B may be possible. 

The basic idea for coinciding wavelength of a las- 
er and a f ilt^ in bo^ the end stdtk>ns is as follows, 

a) Af iltarfbr multiplexing/c^ultiplewng transmft 
light and receive light in a master statk>n c^ratra 
to provkje reference wavelength* 

b) The oscillation wavelength of a laser for pro- 
viding transmit l^ht in a master statk^n is control- 
led so that it coinddes with |:^s$ band of said fil- 
ter in the master station. 

c) The f i Iter few multlplexing/demuf tiplexing trans- 
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mit light and recetve light m a slave station is then 
oontrolfad ao that the pass band of said filter in 
the slave station receives the maxirmim level of 
Hght from the master station, 
d) The emulation wavelength of a laser for pro- 
viding transmft fight m the slave station is then 
controlled so that if coincides with pass band of 
the f Nter in the slave station. 
Therefore, it should be appreciated that the pass 
band of the fifter in bo^ the stations coincide with 
0mh other, and the oscillation wavelength of the las- 
ers in both the stations coincides with said pass band. 

in Fig.6» the mast^ station 11d has a frlter 15M. 
which functions as reference of wavelength in com- 
munication system. The oscillatJon wavelength of a 
laser 21 M for providing transmit light in the master 
station tid is then controlled so that it coincides with 
pass band of the filter 1 SM in the master station Hd* 
as desoribed in accordance with Fjg.4C. 

in 3 slave station, optical light applied to the slave 
station (Fig .68) from the optical cable 10 is applied to 
an optlcai*electncal converter 23b through the filter 
1 5S. Tlie electiical signal the output of the conv^* 
^ar 23b Is then applied to an optical receiver 14 which 
has a linear ampllf br 102 functioning AGC (automat- 
rCi gain control). The output of the amplifier 102 pro- 
vides receive signal of the optical communication 
system. The outfKJt of the amji^if ier 1 02 is also applied 
to a thermal control circuit 101 which supplies a hea- 
ter H in the filter 1 5S the power so that the pass band 
of the filter 15S is shifted &ccor<img to the power thus 
applied so that the output of the amplifier 1 02 has the 
maxlnum level. Thus^ the center of the pass band of 
the filter 15S which has a pair of directional couplers 
F1 and F2 coupled wrth each other through a pair of 
asymmetrical optical fibers one of which has a heater 
H Is controlled so that it coincides with the wavelength 
of receive light 

Then, oscillation wavelength of the laser 21 S for 
providing transmit light Is controlled so that It coin- 
cides with pass band of the filter 15S, through the 
feed t>acf( loop having the filter 15S, the optJcal-eleo- 
trk^al converter 23a, the comparator 24 which re- 
ceives threshold level for compari^n, and the bottom 
control circuit 26, The operation of the feed bacl< loop 
has been described In accordance with F^.4C. It 
should be appreciated course that the feed bade 
loop for contrc^ilng oscllat k>n wavelength of the laser 
21S In not limited to that of Fig.4C. but another clicuft 
of Fig,3» Flg*4AorFig*48 is possible. 

In practical embodiment. It Is i^eferable that the 
time constant in the feed back loop for controlling the 
pass band of the filter 15S. induding the heater H, 
and the thermal cx>ntr<^ circuit 101 Js shorter than the 
time <»>nstant in the feed bade loop f<r contralling the 
oscillation wavelei^^ of the laser 21. IndudHig the 
comparator 24 and the bottom control 26. 

Next, the period of the pass t>and (FSR) of a f t\t&r. 
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and the period of longitudinal modes of a laser are dis- 
cussed. 

It is well known that there are two kinds of lasers, 
a multi-longitudrial mode oscillation laser (for in-- 
stance a FatM-y-PerotlaMf). and a single^ongitudlnal 
mode osclliation laser (distributed feed back las^, or 
distributed Bragg Reflection laser). 

A muitl-longltudinai mode oscillation laser satis- 
fies the following equation. 

qx(X)/(2n) - L 
whfN'e (X) is oscillation wavelength in vacuum, 
L Is length of a re$onatc»r of a laser, 
n is refractive index of medium, 
q Is number of standing waves of half wave- 
length In the resonator. 

As L is much larger than wavelength (X). many 
waves having different wavelength from each other 
are generated In the laser, and the {filiation wave- 
length of the laser is determined so that the gain is the 
maximum in said many waves. For Instance, a laser 
of 1 .3 Jim has the period of longitudinal modes of 0.8 
nm (determined by n and L in above equation). 

Therefore, it preferable that the pedod (=^ x 
FSR) of the pass bands of a filter coincides with the 
period of longitudinal modes of a laser so that output 
power of the laser is transmitted to a receiver with 
high efficiency, and even when transmit light of a las- 
er is reflected by a connector at an end of an optical 
cable, rt would be prevented by the filter with no af- 
fection of side modes of a signal light, so that the de- 
terioration of an optical recehrar due to reflected bade 
light is solved. 

When a laser rs a smgle-longitudrnal mode oscil- 
lation laser, no consideratbn about sakj periods is 
necessary. 

Fig,7 shows experimental curves of side modes 
in back light where hc^lzontal axis shov^ difference 
of oent^ wavelength of pass band of a f i Iter, and cen- 
ter oscillation wavelength of a laser In nm. and vert- 
ical axis shows attenuation (d8) in back light through 
the filter as ccmiparad with front Hght 

The curve (a) In Fig.7 shows the case that the 
penod of the pass bands of a filter o^incides with the 
period of the iongitudtnal modes of a laser, and 
FSRM5.8 nm. It should be appreciated in the curve (a) 
that the attenuatton of b^k light Is 30 dB when tfie 
center wavelength of pass band of the filter coincides 
with the center oscillatk>n wavelength of the laser, 
and said attenuation is 16 dB ^en the difference of 
wavelengths is 0.6 nm. 

On the other f^nd, the ourve (b) shows the case 
that the period of the filter does not coincides with 
the period of the laser, where FSR^Snm. In that case, 
the attenuation of back f^ht Is around 10 - 12 dB for 
each difference of the wavelen0hs of the ls»er and 
tfm frlter. 

The requested value of attenuation of back light 
as compared with desired front light rs generally 12 
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dB» Therefore, the curve (a) in which the period of the 
pass band of a f Nter cdncides vwth the longitudinal 
modes of a filter Is satisfactory In practice. 

From the foregoing it will now be apparent that a 
new and Improved wavelength division multiplex 
bothway optical ccmnmunicatlon system has been 
found. 



Claims 
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1. A wavelength drviston multiplex bothway optical 
communication system comprising a first termi- 
nal station (11a). and a second terminal station 
<12a) cou^ed with said first t^mtnal station is 
through an optical communication pathway (10), 
wherein each terminal station comprises a trans- 
mitter <13a) having a laser (21) for converting a 
transmission electrical signal to an optical signal, 
an optical receiver (14) for receiving an optical 20 
signal which is to be subsequently converted to 
an electrical signal, and a two-beam Interference 
type first filter (15) having a zero phase input port 
iA^ and a pi ph&se input port (Ai) coupled with 
an output of the laser (21)-and an «nput of said 2S 

pucal receiver (14), respTOtively, and a zero 
phase output port (Bo) andja pi phase output port 
(Bt) wiei one output port b^ng coupled with the 
optical communication-pathway (10) and the 
other port being free standing, the optical com- 30 
munication pathway being «Kjpfed with the zero 
phase output port of one terminal statron (11a) 
and ^e pi phase output port of the other termtnal 
station {12a), wherein thef liter (15) has a penod- 
ic characteristic of pass band and attemiation 3S 
band for wavelengths in a communication wave- 
length bafKi. wherein each terminal station 
(11 a, 12a) has waveleng^ control means for con- 
trolling oscillation wavelength of said laser (21) 
so that said osc!llation4tfa»eiength coincides with 40 
the centre of the pass band of said filter (15), 
wherein the wavelength control means compHs- 
as monitor means for monHoring the output wave* 
tength of the laser (21), a comparator (24) for 
comparing the strength of the monitored output 45 
wfth a predetern^ned threshold level and to pro- 
vide a corresponding output, and control means 
(25) for adjusting the oscillation wavelei^th of 
the laser (21) based upon the mjiput of the conv 
paratar so that the oscillation wavelength sub- so 
stanttally ooinddes mth the pa^ band of the fil- 
ter (15). and wherein the wavelength band of the 
laser (21) in the first terminal station (11 a) is es- 
sentially the same as the wavelength band of the 
laser (21) In the second terminal station (12a) ss 
and IS in the communicattcm wavelength band, 

2. A wavelength dh/isbn multiplex bothway optical 



communication system according to claim 1, 
wherein said monitor means has another two-be- 
am interference type filter (22) having similar 
characteristics to those of the f ir^ filt^- <15). for 
receiving back light from the laser (21) to the 
same phase input p<M-t (Ao) as that of the first fil- 
ter (Ao), and a 8ensc»r (23) for conv^ing optk:ai 
signals of the back light through the second filter 

(22) to electrical signals, wherein the control 
means (26) adjusts the oscillation wavelength of 
the laser (21 ) so that the ou^ut of the second fil- 
ter (22) is a maxinurm. 

3. A wavelength division multiplex bothway optfcal 
cc^munication system according to daim 1, 
wherein said moniiDr means has another two-be- 
am interference type filter (22) having similar 
characteristk^s to those of the first filter (1 5) few- 
receiving back light from the laser to the comple- 
ment^y ph^e input port (At) to that of the first 
filter (Ao). and a sensor (23) fc^- converting optical 
signals of the back light through the second filter 

(23) to electrical signals, wherein the control 
means (26) adjusts the oscJIIatk^n wavelength of 
the laser (21 ) so that the output of the second fil- 
ter (22) is a minimum. 

4- A wavelength division multiplex bothway optica! 
communicatkjn system according to claim 1, 
wherein the monitor means has a dk^ectton^ cou* 
pier (31) downstream of the first filter {15) to 
branch a part of the output of the laser (21 ), a sen- 
sor (23) for converting optical signals output from 
the coupler to electncal signals, a cOTiparator 

(24) for comparing the output of the sensor (23) 
with a predetermined threshold level, and control 
means (25) for controlling the oscillation wave- 
length of ^e laser so that the output of the sensor 
is a maximum* 

S< A wavelength division multiplex bothway optical 
communication system according to claim 1, 
where^ the monitcwr means has a sensor (23) for 
receiving optical light from a free stamiing output 
pcH-t of the first f ilt^ (15) whidi is not cour:^^ 
with the optical pathway to convert the optical 
light to electrical signals, a ccHnparator (24) for 
comparing the output of the sensor (23) with a 
predetermined threshold lev^, and control 
means (26) for controlling the osdHatlon wave- 
length the laser (21) so that l^ht at the free 
stending port of the first filter (1 5) is a n^nlrmim, 

6. A wavelength division multiplex t>othway optical 
communication system according to any of 
claims 1 to 6, whemin the two-beam interference 
type filter is a Madi-Zehndar type as^metrical 
interferometer having a pair of directional cou- 
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piers coupled with each other through a pair of 
optical waveguide having different lengths to 
each other, and tuning wavelength control means 
for controiling the optical tunfng wavelength of 
pass band of the filter by adjusting the tempera- 5 
t ure <^ at least a part of one of said pair of optical 
f tores- 

7. A wavelength division multiplex t}Othway optical 

conwiunicatlwi system according to dalm 6, io 
wherein the filter in the first terminal station op- 
erates as standard of wavelength for communica- 
tion, the waveiengtti of the laser in the first ter- 
minal station is contrdled so that the oscillation 
wavelength of the laser coincides wfth pass band i$ 
of said filter, the filter in the second terminal sta- 
tion is controlled so that light received from the 
first terminal station is a maximum by adjusting 
the temperature of one of the optical fibres ecu-- 
pling the dlr^ionaJ couplers, and ttm oscillation 20 
wavelength of the laser In the second terminal 
station is controlled so that It coincides with the 
pass band c^the filter In the second ternr^nal sta- 
tion- 
's 

i A wavdength division multiplex t>othway optical 
commiinicatlon system according to any of the 
receding claims, wherein the or each laser (21) 
Is a multi-nrK>de longitudinal mode type laser and 
wherein the period of ^e longitudinal mode coin- 30 
aides with the period of pass band of the first f liter 

0* A wavelength division multiplex bothway optical 

communication system according to any of the 35 
preceding claims, wherein the communlcatkin 
band is 1.3 |im. 

A wavelength divisbn multiplex bothway optical 
communication system acasordrng to any of 40 
claims 1 to 8, wherein sakf comnrHinic^ion band 
is 1.5/pm. 

11. A wavelength division multiplex bothway optical 

communication system according to any of the 4S 
preceding dalms, wherein the corrvnunicatlon 
pathway Is defined by an optical cable. 
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Fig. 2 A 
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0 Wavelength division multiplex bidirectional optical communication system, 

(§) Bothway optical comnxinication rs can-ied 
out through wavelength dlVGSkin multiplex sys- 
tem between two temiinal stations (11a, 12a), 
each ha\rtng a two-beam interference type filter 
(15) coupled ¥wth an optical cable <10) for multi- 
plexing and/or de-iTHiitiplexIng transmit light 
and receive light "Hie filter (15) has pass bands 
and att^uation bands periodfcaily for 
wavelength in the cctfnmynication wavelength 
band. Wavelength of transmit i^ht Is essentially 
the same as wavefeng^ erf receive l^ht In each 
temtlnal station, with small offset of two 

wavelengths less than 5 nm. Oscillation 

wavelength the laser (21) for transmissksn is 

adjusted so that it coincides with pa^ band of 

the fUter, which cfcsubles as reference 

wavelength of oscillation wavelength of the 

laser. Preferably^ said tvw>-beam Interference 

type filter (15) is a Mach Zehnder type asymmet- 
rical intefferometsr having a par of directional 

couplers ((F1, F2) connected to each other 

through a par of optfc^ fibers {f1, f2) so that the 

perkHj of pass bands and/or attenuation bands 

of the mter (15) is adJustaNe. 
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